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2.5' ''3 3 

Uses of AES i n  meteorology as advantages over ground 

s t a t i o n s  are  discussed. Problems such as  s p e c t r a l  analysis  

and atmosphere probing, cloud cover inves t iga t ion  and rad i -  

a n t  energy flow, Earth temperature, atmospheric transparency, 

aha a;tmospheric temperature and humidity p r o f i l e s  a r e  

examined. 

The h i s t o r y  of science contains many instances where new advances o r  &* 
new methods of inves t iga t ion  have revolutionized d i f f e r e n t  areas  of human 

endeavor and quickly found use i n  resolving p r a c t i c a l  problems including those 

unresolvable by ex is t ing  methods. Therefore it i s  not unusual t h a t  launching 

a r t i f i c i a l  Earth s a t e l l i t e s  (AES) and spacecraf t  has resu l ted  not only i n  a 

g r e a t  increase i n  space sciences,  but s a t e l l i t e s  have found appl icat ion a l so  i n  

some purely "earth" sciences.  Physics of the  atmosphere and meteorology, which 

study processes ex is t ing  i n  the Earth 's  atmosphere and explaining weather var i -  

a b i l i t y ,  are  included i n  these sciences. The character of these processes a l -  

ways has  demanded global study methods, which i s  exac t ly  what a r t i f i c i a l  Earth 

s a t e l l i t e s  can offer.  

*Numbers given i n  margin indicate  pagination i n  o r i g i n a l  foreign t e x t .  
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Value of Weather S a t e l l i t e s  

Use  of s a t e l l i t e s  i n  meteorology has a t  l e a s t  two propert ies .  F i r s t ,  they 

permit rapid,  simultaneous, and world-wide reception of information on atmos- 

pheric conditions and processes. Such data  present t h e  complicated mechanics 

of appearance and disappearance of  atmospheric formations responsible f o r  d i f -  

f i c u l t l y  forecastable  var ia t ions  i n  weather. Second, it i s  equally easy f o r  

s a t e l l i t e s  t o  observe e i t h e r  inhabited t e r r i t o r i e s  with t h e i r  diverse networks 

of weather s t a t i o n s  or g r e a t  s t re tches  of oceans, deser t s ,  f o r e s t s ,  or polar  

regions occupying 86-90 percent of  the Ear th ' s  surface and considered "white 

spots" i n  meteorology. 

We should n o t e t h a t  use of s a t e l l i t e s  i s  economically b e t t e r  than broad 

networks of ground weather s t a t i o n s ,  not t o  mention the p r a c t i c a l  impossibi l i ty  

of placing s t a t i o n s  i n  ocean areas  or polar  regions. 

Problems of S a t e l l i t e  Meteorology 

Meteorology i s  in te res ted  i n  charac te r i s t ics  of the  s t a t e  (temperature, 

humidity, pressure, wind veloci ty)  of lower layers  of the atmosphere t o  heights 

of 30-50 km. S a t e l l i t e s  f l y  a t  subs tan t ia l ly  higher a l t i t u d e s ,  not l e s s  than 

200 km. How, then, can we measure meteorological elements of the  lower layers  

of the  atmosphere with s a t e l l i t e s ?  Apparently a l l  information on character- 

i s t i c s  of the s t a t e  of the  lower layers  of the atmosphere can be obtained 

by measuring Earth rad ia t ion  i n  various regions of the spectrum. 

t h a t  as t rophysics  has long used spec t ra l  analysis  t o  study s t a r  and planet  

atmospheres. 

ferences i n  presentat ion of the problem i n  astrophysics and meteorology. 

Astrophysics considers pr imari ly  the content of various substances and evalua- 

t i o n  of amounts of t h e i r  concentration or temperature. 

It i s  known 

However, i n  s p i t e  o f  external  s i m i l a r i t i e s  there  a re  many d i f -  

/32 

2 



The Earth 's  atmosphere has been r a t h e r  wel l  s tudied.  Average data  f o r  most 

meteorological elements are  known f o r  many regions of the planet  and f o r  the 

various seasons. Meteorologists must know var ia t ions  i n  these elements i n  t i m e  

and space, s ince it i s  they which a f f e c t  and determine Earth weather i r regular -  

i t i e s .  It i s  qui te  c l e a r  t h a t  determining var ia t ions  i n  weather elements de- 

mands high accuracy of Ear th ' s  radiat ion and carefu l  analysis  of these observa- 

t ions .  Much direct-measurement information on weather elements obtained by 

radiosonde probing of the  atmosphere from weather s t a t i o n  networks i s  an a i d .  

This mater ia l  can be used as  additional information f o r  a basis t o  obtain theo- 

r ies on the s t ruc ture  of f i e l d s  of weather elements. 

Besides determining meteorological elements, t e l e v i s i o n  on a s a t e l l i t e  

shows cloud cover formation ( f igs .  1 and 2). 

dynamic processes i n  the atmosphere. 

v i s i b l e  on the background of the  darker water or land and i c e  surface (against  

snow they are  less c l e a r ) .  Cloudiness can a l so  be recognized on the nocturnal 

s i d e  of Earth by contrast  with the cloud i r r a d i a t i o n  i tself  and E a r t h ' s  sur- 

face i n  the infrared s p e c t r a l  region. Clouds a r e  "darker" due t o  temperature 

Clouds a re  the v i s i b l e  form of 

On the day s ide of Earth they are  c l e a r l y  

and therefore  i r r a d i a t i o n  of i t s  upper border w i l l  be less than the tempera- 

t u r e  and i r r a d i a t i o n  of the w a r m  surface over ground or oceans. 

Final ly ,  s a t e l l i t e s  a re  used f o r  measuring flow of radiant  energy the  

Earth l o s e s  from ref lec ted  s o l a r  rad ia t ion  and i t s  own rad ia t ion  i n t o  f r e e  

space. Since s o l a r  energy flow t o  the upper boundary of the atmosphere i s  

known r a t h e r  c losely ( i t s  quant i ty  i s  p r a c t i c a l l y  constant and equal t o  

), these measurements can determine energy remaining on Earth, a s  the 

This difference f i n a l l y  i s  the 
2cm2,,, 
di f fe rence  of f a l l i n g  and escaping radiat ion.  

s i n g l e  source of energy aiding a l l  processes i n  the atmosphere, hydrosphere /33 
and biosphere. 
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Figure 1. Cloud system a s  p a r t  of cyclone. 

Photograph shows c e l l u l a r  s t ruc ture  of cumu- 

l u s  clouds. 

W e  calculated three  basic  problems of atmospheric physics resolvable by 

s a t e l l i t e s  a t  present.  Naturally,  each problem presents  many d i f f i c u l t i e s  due 

t o  complicated inves t iga t ion  phenomena and r e l a t i v e  incompleteness of present  

study methods. 

mining c e r t a i n  concrete problems of s a t e l l i t e  meteorology. 

This i s  more graphic i n  fami l ia r iza t ion  with methods of deter-  

Determining Temperature of Earth 's  Surface and Cloud Cover 

Because Ear th ' s  surface temperature i s  * 200-300°K, rad ia t ion  energy i s  

almost a l l  d i s t r ibu ted  i n  the 3-40 p spec t ra l  region with maximum radia t ion  i n  

the 8-14 p region. We can measure Earth 's  own r a d i a t i o n  and thereby determine 

i t s  temperature through a satellite-mounted radiometer aimed toward Earth and 

having a narrow view angle ( f ig .  3 ) .  

d i f f e r  noticeably from the  t rue  temperature obtained with the same radiometer 

This temperature, cal led radiat ion,  w i l l  
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Figure 2. 

i n  f igu re  1, taken days l a t e r .  

Clouds i n  storm and neighboring region as  

close t o  the Ear th ' s  surface.  

t u re  of Ear th ' s  surface (or,  as  expressed i n  meteorology, the  lower layer ,  i . e . ,  

ground, water, snow, f o r e s t ,  e t c . )  reach 20'. The problem i s  t h a t  a l l  rad ia t ion  

of t h i s  bottom l aye r  goes i n t o  cosmic space. 

atmosphere (and water vapor, C 0 2  and ozone i n  it) and i s  r e i r r ad ia t ed  by the  

atmosphere but with d i f f e ren t  temperatures (we must remember t h a t  a i r  tempera- 

t u r e  drops 6-70 each km). I n  some spec t ra l  regions ("transparency windows") 

t h e  atmosphere absorbs weakly and equally weakly i r r a d i a t e s .  

t he re  i s  no full atmospheric transparency i n  any spec t r a l  region. 

i n  the 8-12 p "transparency window" there  a re  f a i r l y  many water vapor absorp- 

t i o n  l i n e s  and a heavy ozone absorption b e l t  ( f i g .  4 ) .  

remove more narrow "windows" with no absorption l i n e s ,  e . g . ,  0.1 p near 11 p. 

I n s u f f i c i e n t  s e n s i t i v i t y  of present  radiometers allows no recording of such 

small  energy. 

Differences between r ad ia t ion  and t rue  tempera- 

It i s  g r e a t l y  absorbed by the 

S t r i c t l y  speaking, 

For example, 

It might be possible  t o  

I n  daytime the  3-4 p "window" i s  unsui table ,  f r e e  from absorption 
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Figure 3. Coverage of Earth by s a t e l l i t e  radiometer: 

a,  o r b i t  projection; b, s a t e l l i t e  o r b i t .  

l i n e s ,  since Earth 's  own rad ia t ion  i n  t h i s  region i s  comparable t o  re f lec ted  

s o l a r  rad ia t ion .  Therefore on the day s i d e  of the Earth, over heavily r e f l e c t -  

ing surfaces o r  clouds the radiometer w i l l  measure t o t a l  energy and the radia- 

t i o n  temperature w i l l  be qui te  incorrect.  On t h i s  basis the 8-12 w "window" 

has been previously used i n  s p i t e  of d i s t o r t i o n s  of the bottom layer  r a d i a t i o n  

i t se l f .  

Thus,radiation measured d i r e c t l y  on the s a t e l l i t e  has two par t s :  t h a t  of 
rad I atlo n 

the underlying l a y e r  and t h a t  of atmospheric rad ia t ion .  

lower surface by determined means depends on the Ear th ' s  surface temperature. & 
I n  space, t h i s  r a d i a t i o n  i s  weakened by  the atmosphere. 

Fundamentalhfrom the 

The quant i ty  charac- 

t e r i z i n g  t h i s  weakening i s  cal led the runction of atmospheric passage and de- 

pends on the mass of matter absorbing the rad ia t ion  throughout the atmosphere. 

Fundamental atmospheric radiat ion can be presented i n  the form of the  

t o t a l  of rad ia t ion  from each l a y e r  with i t s  temperature. 

Cf hn of -0-h LUbU AUJb.' sf the  ~ tmnsphere  Fs weakened a t  higher layers .  

of weakening depends on t h e  concentration of absorbing matter. 

In  rTising, radia- 

The l e v e l  

Temperature 
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Figure 4. Appearance of so l a r  spectrum i n  

"transparency window" of atmosphere a t  8-12 

km showing multiple l i n e s  of water vapor and 

C 0 2  absorption and heavy ozone absorption 

b e l t s .  

d i s t r i b u t i o n  and concentration by a l t i t u d e  cont inual ly  change and a t  the moment 

of measurement remain, unknown. Thus rigorous so lu t ion  of the  problem i s  not 

poss ib le  i f  simultaneous determination i s  not performed a t  l e a s t  f o r  v e r t i c a l  

d i s t r i b u t i o n  of temperature and concentration of water vapor (ca lcu la t ing  ozone 

absorpt ion i s  r e l a t i v e l y  easy).  

Here da ta  on atmospheric temperature and humidity obtained by radio sound- 

ing  i n  d i f f e r e n t  regions of the  Ear th ' s  sphere a re  an a id .  W e  need only t r y  

using t h i s  mater ia l  i n  t he  b e s t  way: t o  take what the atmosphere " re ta ins"  from 

a l l  t he  information. S t a t i s t i c a l  development of da t a  from these observations 

d i sc loses  the determined order i n  the s t ruc tu re  of temperature and humidity 

d i s t r i b u t i o n  by a l t i t u d e .  F i r s t  we can determine averages f o r  many years  f o r  

..-,+,. VcLulLar n-1 prcf i les  c$ these para~e te r s  ("nnrms") f o r  a given region and i n t e r v a l .  

Also, co r re l a t ions  between temperature and humidity deviat ions from corresponding 
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norms f o r  various l e v e l s  e x i s t .  With these c h a r a c t e r i s t i c s  of v e r t i c a l  s t ruc-  

tu re  of temperature and humidity f i e l d s  we can obtain s t a t i s t i c a l l y  improved 

approximate values for lower l e v e l  temperature. 

Now l e t  us  examine the atmosphere as any system a t  whose input a s i g n a l  

appears--study of the Ear th ' s  surface underlying the determination, and a t  the 

output s igna l  d i s t o r t i o n s  a re  measured--measurements of the Earth and atmosphere, 

Then the l e v e l  of d i s t o r t i o n  of the input s i g n a l  is  characterized by the so- 

cal led atmospheric t ransfer  function equal t o  the r e l a t i o n  of output s i g n a l  t o  

input. 

v e r t i c a l  p r o f i l e s  of temperature and humidity. In the f i rs t  approximation we 

can calculate  the t r a n s f e r  function for temperature and humidity "norms. Then 

it i s  easy t o  obtain the f i r s t  approximation of the input s igna l  ( i r r a d i a t i o n  

of the underlying l a y e r )  dividing the output s igna l  (the measured quant i ty)  

i n t o  t h i s  t r a n s f e r  f inction. Knowing the c h a r a c t e r i s t i c s  of the instrument, 

according t o  t h i s  approximation w e  can f i n d  the  f i r s t  approximation of lower 

l e v e l  temperature. However, since average values of t h i s  temperature a r e  a l s o  

known, we have f a c t u a l l y  determined the f i r s t  approximation f o r  deviat ions of 

temperature from the  "norm." U s i n g  correlat ions of t h i s  deviat ion on the  under 

l a y e r  with deviations i n  temperature and humidity a t  other  a l t i t u d e s  we  f ind  

more probable values of these deviations. Such reduction of the funct ion values 

on a l l  points  by the l imi t ing  numberkits values i S  cal led the optimal extrap- 

o l a t i o n  function. We thereby specify v e r t i c a l  d i s t r i b u t i o n  of temperature and 

humidity, permitt ing calculat ing the following approximation of the t r a n s f e r  

function. 

The t r a n s f e r  function i n  the given s p e c t r a l  region depends on the  

oe 

With i t s  help w e  can f ind a fur ther  approximation of the  lower layer .  

A t ,  first. glance we see t .het ,  repeating the  described cycle, we can approxi- 

mate t r u e  d i s t r i b u t i o n s .  We actual ly  do not ob ta in  t r u e  prec is ion  due t o  errors 
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i n  determining lower surface temperature and es tab l i sh ing  a i r  temperature and 

humidity p r o f i l e s  with previous correlat ion values. 

However, v e r t i c a l  temperature and humidity p r o f i l e s  can be more r e l i a b l y  

determined by measuring c e r t a i n  supplemental c h a r a c t e r i s t i c s  of Earth i r r a d i a -  

t i o n  i n  su i tab le  spec t ra l  ranges. 

Determining Ver t ica l  P r o f i l e s  of Atmospheric Temperature and Humidity 

Some atmospheric gases have known concentrations s t a b l e  t o  high a l t i t u d e s  

(C02 and oxygen). Thus,if we measure Earth rad ia t ion  i n  absorption zones of 

these gases, only a i r  temperature w i l l  be the unknown quant i ty  rad ia t ion  de- 

pends on. Moreover, i f  rad ia t ion  i s  measured i n  d i f f e r e n t  p a r t s  of the absorp- 

t i o n  zones, temperature d i s t r i b u t i o n  by a l t i t u d e  can be found. 

the p a r t  of the zone where the atmosphere is s u f f i c i e n t l y  c lear ,  rad ia t ion  i s  

determined by low-level atmosphere temperature. I n  comparison t o  mixtures i n  

the l e s s  transparent regions, rad ia t ion  i s  characterized by temperature of 

higher layers ,  since measuring lower ones i s  completely merged. 

Actually, i n  1 3 2  

To resolve t h i s  problem we measure rad ia t ion  i n  the C 0 2  zone (i 15 b) .  

Radiation i n  any s p e c t r a l  zone i s  the sum of rad ia t ion  of one or another com- 

b ina t ion  of various atmosphere layers.  The contr ibut ion of each l a y e r  t o  t o t a l  

r a d i a t i o n  depends on i t s  temperature, which we must determine, and passage 

through the atmosphere, which i s  known, since C02 concentration i n  the atmos- 

phere i s  p r a c t i c a l l y  constant.  W e  must a l so  consider t h a t  i n s u f f i c i e n t  resolv- 

ing a b i l i t y  of present s p e c t r a l  instruments r e s u l t s  i n  the necessi ty  t o  calculate  

overlapping of C02 zones by r e l a t i v e l y  weak water vapor absorption zones. 

cen t ra t ion  of the vapor i n  the atmosphere i s  so  changed t h a t  it i s  b e t t e r  deter-  

mined a t  the same t i m e  as temperature. 

Con- 

But even independent of t h i s ,  water vapor 
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concentration determination ( spec i f ic  humidity) a t  d i f f e r e n t  a l t i t u d e s  has no 

l e s s  i n t e r e s t  f o r  meteorology than temperature determination. 

Humidity can be determined by measuring water vapor rad ia t ion  i n  i t s  absorp- 

t i o n  zones, e.g., 6.3 p,, by using previous ways, but t h i s  time knowing the tem- 

perature of each rad ia t ing  l a y e r  of the atmosphere. Passage of these layers ,  

dependent on unknown water vapor concentration, i s  unknown. 

Thus, both problems a r e  close-ly in te r re la ted .  They must be decided i n  

such an order: 

temperature, ignoring water vapor absorption. Then humidity i s  determined by 

F i r s t  by rad ia t ion  measurements i n  the C 0 2  region we determine 

measurements i n  the 6.3 p, zone with the a i d  of obtained temperature. Next we 

can more narrowly determine temperature, calculat ing overlapping zones of C 0 2  

and water vapor i n  the 15 1.1 region, and then humidity. 

P r a c t i c a l  solut ion of both problems involves two inherent d i f f i c u l t i e s .  

F i r s t ,  w e  require  high accuracy of rad ia t ion  measurements within s u f f i c i e n t l y  

narrow s p e c t r a l  zones (we remember t h a t  temperature and humidity var ia t ions  

a re  necessary f o r  the Ear th ' s  atmosphere). Second, r e l i a b l e  determinationsof 

temperature and humidity f o r  various layers  of the atmosphere from t o t a l s  of 

t h e i r  r a d i a t i o n  a re  necessary. 

Present measurement technology p e r m i t s  obtaining da ta  with required ac- 

curacy ( i n  any case, there  are  no pr inc ipa l  drawbacks t o  t h i s ) .  

second d i f f i c u l t y  i s  complicated,because recovering temperature and humidity 

of t h e  atmospheric layers  from the t o t a l  of t h e i r  i r r a d i a t i o n s  can lead t o  grea t  

Overcoming the 

e r r o r s  and even t o  physical ly  senseless r e s u l t s  i f  we do not take necessary 

precautionary measures. 

To avoid these e r r o r s  we must use information on the v e r t i c a l  s t ruc ture  of 

atmospheric temperature and humidity f i e l d s .  

10 
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Figure 5.  Sample of determining deviations 

from v e r t i c a l  p r o f i l e  of temperature from mean 

(so l id  l i n e  = t r u e  temperature, broken l i n e  = 

reduced). 

Besides the already indicated cor re la t ive  r e l a t i o n s  we can f i n d  such a 

system of c h a r a c t e r i s t i c s  of the v e r t i c a l  s t ruc ture  through which any tempera- 

t u r e  ( o r  humidity) d i s t r i b u t i o n  can be  b e s t  es tabl ished.  It appears t h a t  with 

such a system of c h a r a c t e r i s t i c s  we can provide establishment of determined 

q u a n t i t i e s  wi th  l e a s t  e r r o r .  Precisely t h i s  circumstance permits obtaining 

re l iab le  solut ion of the so-called reverse problem ( i n  the given case the  prob- 

l e m  of determining temperature and humidity by invest igat ion recorded by the 

s a t e l l i t e ) .  

c a l  temperature f i e l d  s t r u c t u r e  t o  determine i t s  a l t i t u d e  pa t te rn .  Cited ex- 

amples show t h a t  for e f f e c t i v e  use of s a t e l l i t e s  i n  meteorology many theore t i -  

c a l  and experimental problems must be resolved. 

Figure 5 shows e f f e c t i v i t y  of using c h a r a c t e r i s t i c s  of the v e r t i -  

11 
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However, even now it i s  apparent t h a t  weather s a t e l l i t e s  a id  i n  obtaining 

such data  as cannot i n  pr inc ip le  be  recorded by even the  most extensive network 

of ground s ta t ions .  
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